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(54) Apparatus for establishing branch wells from a parent well 

(57) A method and apparatus for creating multiple 
branch wells from a parent well Is disclosed. According 
to a first erribocfrnent of the Invention a multiple branch- 
ing Bub b provided for placement at a branching node 
of a wed. Such sub includes a branching chamber (32) 
and a plurality of branch Ing outlet members (34-38). The 
outlet members, during construction of the branching 
tub, previously been clstorted into oblong shapes 
so that al of the branching outlet members fit within an 
imaginary cylinder which is coaxial with and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodiment, the distorted outlet members are character- 
ized by an outer concave shape when h a retracted 
state. After deployment of the branching sub via a parent 
casing in the well, a forming tool Is lowered to the interior 
of the sub. The outlet members are extended outwardly 
by the forming tool and simultaneously formed into sub- 
stantially round tubes. Next, each outlet member is 
plugged with cement, after which each branch well is 
drilled through a respective outlet member. If desired, 
each branch may be fined with casing and sealed to a 
branching outlet by means of a casing hanger. A mani- 
fold placed n the branching chamber controls the pro- 
duction of each branch well to the parent wel. According 
to a second embodiment of the invention, a pressure 
resistant branching sub is rjmvided which may be in- 
stalled * series with a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a well. The branching sub includes a main 
pipe and a lateral outlet. 
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Description 

This invention relates generally to the field of wells, 
particularly to the fiefcJ of establishing branch wells from 
a parent hydrocarbon welt More particularly the inven- 
tion relates to estabishing multiple branch wells from a 
common depth port, called a node, deep in the wel. 

BACKGROUND OF THE INVENTION 

Multiple wells have been drilled from a common lo- 
cation, particuterty while driHing from an offshore plat* 
form where nxiupte weds must be drilled to cover the 
great expenses of ofshore drilling. As ttusfcatod in Fig- 
ures 1 A and 1& such wefts are drilled through a com- 
mon conductor pipe, and each wefl includes surface 
casing liners, tttermediate casing and parent casing as 
is well known in the ield of off shore oWltag erf hydrocar- 
bon wells. U.S. Patent 5,456.199 describes apparatus 
and methods lor drttng multiple weHs from a common 
weQbore at or near tie surface of the earth. U.S. Patent 
4,573,541 describee a downhote take-off assembly for 
a parent well which includes multiple take-off tubes 
which communicate with branched weOs from a com- 
mon point. 

Branch wela are also known in the art of well driling 
which branch tfom multiple points in the parent wel as 
illustrated in Figure 2. Branch wells are created from the 
parent well, bu necessarily the parent well extends be- 
low the branchng point of the primary well. As a result, 
the branching well is typically of a smaller diameter than 
that of the primary wel which extends below the branch- 
ing point Furthermore, difficul sealing problems have 
faced the ert for establishing communication between 
the branch wel andlhe primary wel 

For example, U.S. Patent 5.368.648 describes 
methods relating to wed Juncture sealing with various 
sets of embedments to accomplish such sealing. The 
disclosure of fro '646 patent proposes solutions to sev- 
eral serious sealing problems which are encountered 
when establishing branches in a wel Such sealing 
problems relaie to the requirement of ensuring the con- 
nectivity of the Drench casing liner with the parent casing 
and to maintahing hydraulic isolation of the Juncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch weds at a depth m a primary well In that appara- 
tus for estabishing such branch wells must be run on 
parent casing which must fit within intermediate casing 
of the well. Acconfingry, any such apparatus for estab- 
lishing branch welts must have an outer diameter which 
Is essentially no greater than that of the parent casing. 
Furthermore, ft a desirable that when branch wells are 
established, they have as large a diameter as possfete. 
StiO further, it is desirable that such branch wells be lined 
with casing which may be established and sealed with 
the branching equipment with conventional casing 
hangers. 



An important object of this invention is to provide an 
apparatus and method by which mutlple branches con- 
nect to a pnmary well at a single depth h the wel where 
the branch wells are controlled and sealed with respect 
5 to the primary well wtth conventional fow-tr>casing con- 
nections. 

Another important object of this invention is to pro- 
vide a multiple outlet branching sub having an outer di- 
ameter such that it may be run in a wen to a deployment 

io location via primary casing. 

Another object of this invention is to pwideamul- 
tipfte outlet branching sub In which mulpw outlets are 
fabricated h a retracted state and are expanded while 
doeWwIe at a branching depbyme^ 

is duce maximum branch well diameters rounded to pro- 
vide conventional Irw-tocasing connecter* 

Another object of this hverrtton Is to pex^ appa- 
ratue for downhoie expansion of retraxted outlet mem- 
bers in order to direct each outlet into an arcuate pafr 

20 outwardly from the axis of the primary wel and to ex- 
pand the outlets into an essentially round shape such 
that after a branch well is drilled through an outlet, con- 
ventional liner-to-casing connections can be made to 
such outlet members. 

ss 

SUMMARY OF THE INVENTION 

These objects and other advantages and features 
are provided in a method and apparatus for establishing 
so multiple branch wells from a parent wel. A multiple 
branchng sub is provided for deployment in a borehole 
by means of a parent casing through a parent well The 
branching sub includes a branching chamber which has 
an open first end of cylindrical shape. The branching 
ss chanber has a second end to which branching outlet 
members are connected The first srx* is connected to 
the parent well casing in a conventional manner, such 
as by threading, for deployment to a branching location 
in the parent weH. 
< Multiple branching outlet members, each of which 
is ntegrally connected to the second end cf the branch- 
ing chamber, provide fluid axnmunfcatcn with the 
branchng chamber. Each of the outlet members is pre- 
fabricated such that such members are in a retracted 
<5 position for insertion of the sub into and down tiroug* 
the parent Well to a oeptayment location deep In tie weH. 
Each of the multiple outlets is substantially lotaiy wttih 
an imaginary cyfinder whk^ is coaxial wifi and of sub- 
stantially the same radius as the first end of the branch- 
» ng chamber. The prefabricate of the ouOat members 
causes each outlet member to be trartf anted in croes- 
sectional shape from a round or circular shape loan ob- 
long or other suitable shape such that to outer profile 
fits within the imaginary cylinder. The outer profile of 
» each outlet member cooperates with the outer profiles 
of other outlet members to substantially « the area of 
a cross-section of the imaginary cylinder As a result, a 
substantially greater cross-sectional area cf the multiple 
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outlet member* is achieved wxhin a cross-section of the 
imaginary cy Under as compared with a corresponding 
number of tubular multiple outlet members of circular 
cross-section. 

The muddle outlet members are constructed of a 
material which may be plastically deformed by coW 
forming. A forming tool is used, after the multiple branch- 
ing sub is deployed In the parent weO. to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to Die branching chamber. Prefer- 
ably all of the outlet members are expanded simultane- 
ously. Simultaneously wfth the outward expansion, the 
muHtpte outlets are expanded into a substantially circu- 
lar radial cross-sectional shape along their axial extent. 

After the multiple outlet members which branch 
from the branching chamber are expanded each of the 
mutiptobrenchr>gc<Jttetsa^ 
is drilled through a selected one of the multiple branch- 
ing outlets. A substantially round Itier is provided 
through the selected branching outlet and into the 
branch welL 7helnerofdit^larcrc»ss-8ection is sealed 
to the selected branching outlet circular cross-section 
bymeansc4aconventior^<»singr^ger. A borehole 
and liner is established for a pluraflty of the multiple 
branching outlets. A cownhole manifold is installed in 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch well to the 
parent wen is controlled with the manifold. 

The apparatus for expanding an outlet ol the multi- 
ple branching sub includes an uphoie power and control 
unit and a dcwnhole operational unit An electrical wire- 
I tie connects the uphoie power and control unit and the 
downhole operational unit. The wireline provides a 
physical connection for lowering the ctownhole opera- 
tional unit to the branching sub and provides an electri- 
cal path for transmission of power and bidirectional con- 
trol and status signals. 

The downhole operational unit includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet member of the sub 
(and preferably into all of the outlet members at the 
same tvne) and for expanding the outlet member out- 
wardly from its Imaginary cylinder at deployment. Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simultane- 
ously. The oownhole operational unit Includes latching 
and orientation mechanisms which cooperate wtth cor- 
responding mechanisms of the sub. Such cooperating 
mechanisms allow the formin g mechanism to be radially 
oriented within the multiple branching sub so that ft is 
aligned with a selected outlet of the sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tional unit hcludes a hydraulic pump and a head having 
hydraulic fluid lines connected to the hydraulic pump. 
The forming rnachanism Includes a hydraulicaJly pow- 
ered forming pad. A telescopic link between each form- 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly white ex- 



panding trie outlet members. 

According to a second aft amative embodiment of 
the invention , a branching sub is provided which allows 
multiple branches from a parent casing without the need 

5 for sealing Joints and which allows the use of conven- 
tional weH controlled liner packers and casing joints. The 
geometry of the housing of the branching sub allows the 
housing to achieve maximwn pressure rating consider- 
ing the size of the branch outlet wtth regard to the size 

10 of me parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features of the iiven- 
is tkxi will become more apparent by reference to the 
drawings which are appended hereto and wherein an 
Hustratrve ernbodment of the Invention Is shown, of 

which; 

so Figures 1 A and IB Mustrate a prior art triple liner 
packed in a conductor casing termination in which 
the outlet members are round during installation 
and are packed to fit wihin the conductor casing; 
Figure 2 illustrates a prior art parent or vertical well 

£s and lateral branch wets which extend therefrom; 

Figures 3A, 38, and 3C Oustrate a three outlet 
branching sub accordhg to a first embodiment of 
the hwention where Figure 3A is a radial cross-sec- 
tion through the branching outlets of the sub. with 

so one outlet completely in a retracted position, with 
another outlet in a postion between its retracted po- 
sition and its fully expanded position, and the third 
outlet being in a fully expanded posttion, and where 
Figure 38 is a radial cross-section through the 

« branching outlets of the sub wtth each oftheoutiets 
fully expanded after deployment In a parent well, 
and Figure 3C is an axial cross-section of the 
branching sub showing two of the branching outlets 
fully expanded to a rocrd shape in which casing has 

40 been run Wo a branch wefl and sealed with respect 
to the branching outlets by means of conventional 
Uner hanging packers. 

Figure 4 is a perspective view ol a three symmetri- 
cal outlet branching sue ol a first embodiment c4 the 

45 invention with the outlet brarx^ expanded. 

Figures 5A. SB, 5C, and 5D a ustrate configurations 
of the first enrolment of the invention with asym- 
metrical branching outlets wfth at toast one outlet 
havkig larger internal cSmensions than the other 

so two, with Figure 5A being a radial cross-section 
through the branching outlets along fine 5A-5A ti a 
retracted position, win Figure 5B being an axial 
cross-section through the fries 5B-58 of Figure 5 A. 
with Figure 5C being a racial cross-section along 

66 lnes5C-5Cof Figure 5Dwth the branching outlets 
in an expanded position, and wtth Figure 5D being 
an axial cross-section along lines 5D-5D of Figure 
5C with the branching outlets in an expanded posi- 
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tton; 

Figures 6A-6E llustrate radial cross-sections of 
several examples of branching outlet configurations 
of the branching sub according to the first embodi- 
ment of the invention, with all outlet branches fully « 
expanded from their retracted state during deploy- 
ment in a parent well, with Figure 6A illustrating two 
equal diameter outlet branches, Figure 6B illustrat- 
ing three equal diameter outlet branches. Figure 
6C, like Figure SC. Mustrating three outlet branches « 
wtth one branch characterized by a larger diameter 
than the other two, with Figure 6D illustrating four 
equal rfameter outlet branches, and with Figure 6E 
ilustrating five outlet branches with the center 
branch being of smaller diameter than the other " 
tour, 

Figures 7A-7E llustrate stages of expanding the 
outlet members of an expandable branching sub ac- 
cording to the invention, with Figure 7A Ilustrating 
,an axial cross-section of the sub showing multiple » 
branching outlets wth one such outlet In a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion downwardly toward the 
lower cxwning of the branching outlets, with Figure ** 
7B mustrating a radial cross-section at axial position 
B of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously and with Figures 7C through 7E 
showing various stages of expansion as a function x> 
of axial distance along the branching outlets; 
Figures SA and 68 illustrate respectively In axial 
cross-section and a radial cross-section along lines 
8B~8B ( fetching and orientation profiles of a branch- 
ing chamber of the branching sub, and Figure 8A » 
further ilustrates an extension leg and supporting 
shoe tor deployment in a parent well and for provid- 
ing stability to the branching sub while expanding 
the branching outlets from their retracted position; 
Figure 9 schemattcalty illustrates uphole and down- <o 
bote apparatus for expanding the branching outlets 
of the branching sub; 

Figure 10 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure forming pad of the apparatus of Figure 9; « 
Figures 11A-11H llustrate steps of an installation 
sequence for a nodal branching sub and for creating 
branch wells from a parent well; 
Figure 12 illustrates a branching sub deployed in a 
parent weP and further illustrates branch well liners « 
hung from branching outlets and still further illus- 
trates production apparatus deployed in the branch- 
ing sub for controlling production from branch wells 
into the parent welt; 

Figures 1 3A and 1 3B geometrically illustrate the in- ss 
crease in branch wen size achievable for this inven- 
tion as compared with prior art conventional axial 
branch welts from liners packed at the end of parent 



casing; 

Figures 14A-14D are illustrative sketches of nodal 
branch rig according to the invention where Figure 
14A ilustrates establishing a node in a parent well 
and establishing branch weds at a common depth 
port in me parent wen, all of which communicate 
with a parent well at the node of the parent wefl; with 
Figure 146 illustrating an expanded branching sub 
wruch has had Its branching outlets expanded be- 
yond the diameter of the parent casing and formed 
lo be substantially round; wtth Figure 14C iiustrat- 
ng using a primary node and secondary nodes to 
produce hycrccarbcns from a single strata; and with 
Figure 14D ilustrating using an expanded branch* 
hg cub from a primary node to reach multiple sub* 
terranean targets; 

Figure 16A Bustratee a two outlet version of a 
branching sub according to the first embodiment of 
the invention, with Figures 15B, 15S\ 15C. and 15D 
ilustrating cross-sectional profiles of such two out- 
let version of a branching sub with an alternative 
pcst^orming tool at various depth locations in the 
outlet members; 

Figure 16 Hlustrates a two arm alternative version 
of a post-forming tool; 

Figures 17A-17D illustrate the operation of such al- 
ternative post-forming tool; 
Figures 1BA- 18E illustrate a branching sub accord- 
ing to the first embodiment of the invention with con- 
cave deformation of the branching outlets; 
Figures 19A-19G llustrate an alternative actuating 
apparatus according to the invention. 
Figures 20A and 20B illustrate a second embodi- 
rrwrtcf the invention where Figure 20A is an exte- 
rior view of a branching sub wtth a main pipe and a 
taterai branching outlet and Figure 20Bte an axial 
secern view of such branching sub; 
Figures 21A and 21B are axial and radial section 
views of the branching sub cf Figures 20A and 20B 
but in a retracted state, and Figures 21C and 21D 
are axial and radial section views of the branching 
subo<Fir^res20Aarxi2QBinanex 
Figure 22 Is a graph which shows that the yield 
strength of the housing material of the branching 
sub increases with the rate of deformation during 

R^Mte a schematic illustration of the branch ing 
sub according to a second embodiment of the in* 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct formations from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
which may be inserted within the main pipe of the 
branchhg sub whereby a drilling tool which enters 
from the top of the sub may be directed into the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
n tandem with the tandem connection placed in a 
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series of casing links of a casing string; and 
Figures 26A and 268 illustrate a cap which may ba 
welded across the branching outlet h order to close 
it off for certain wed operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1 A and IB ilustrate 
the problems with prior art apparatus and methods for 
establishing branch wels from a parent wed. Figures 1 A 
and 1 B show radial and axial cross-sections of multiple 
outlet Oners 1 2 hung and sealed from a large diameter 
conductor pipe 10. The outlets are rc^ in order to la- 
ciState use of conventional Inlng hanger packers 14 to 
seal the outlet Bners 12 tor comrmmicattonwtfo the con- 
ductor pipe 10. Theam»*gen>entclFigures1Aand1B 
requires that multiple round outlets of diameter Oo fit 
wtmhthedameterDslofthecorx^^ 
cases, especlairy where the conductor pipe must bo do- 
plcvsdatao^lnthewe«.r8^rthanatthesurface 
of the wett. it is not f easfeto to provide a borehole of suf- 
ficient outer diameter to aJtow branch well outlets of suf- 
ficient diameter to be instated. 

The technique of providing branch wells according 
to the prior art arranrjerrKmt depicted in Figure 2 creates 
branch wells 22. 24 from a primary well 20. Special seal- 
ing arrangements 26, unlike conventional casing hang- 
ers, must be provided to seal a lined branch well 22. 24 
to the primary well 20. 

Description of Branching Sub According to a First 
Embodiment of the Invention 

Figures 3A. 38, and 3C illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 1 2)), and multiple outlet members, 
for example three outlet members 34. 36, 38 Illustrated 
in Figures 3A. 3a and 3C. Figure 3A Is a radial cross- 
section view through the branching chamber 32 which 
illustrates one outlet member 34 In a retracted state, a 
second outlet member 36 in the state of being expanded 
outwardry. and a third outlet member 38 which has been 
fully expanded outwardry. (Figure 3A to presented tor il- 
lustrative purposes, because according to the Invention 
it is preferred to expand and circularize each of the out- 
lets simultaneously.) In the retracted state, each outlet 
is deformed as shown particularly for outlet member 34. 
A round tube is deformed such that Its cross-sectional 
interior area remains essentially the same as that of a 
circular or round tube, but its exterior shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an Imaginary cylinder having 
a diameter essentia! ry the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which alows it to be run in a parent we a to a 
deployment location while attached to a parent casing. 
Outlet member 34 in its retracted state is illustrated in 
an oblong shape, but other retracted shapes may also 

s prove to have advantageous characteristics. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a stfter outlet member. Such deformation is 
progressively greater and deeper starting from the top 

io to the bottom of the outlet member. 

Figure 3A shows outlet member 3S In a state of be- 
hg expanded in an arcuate path outwardly from the 
branching chamber 32 while simultaneously being 
rounded by a downhole tomiing-expanding tool that is 

is described below. The arrows labeled F represent terces 
bong appfied fcom tie interior of the outlet member 36 
ki order to expend twt outlet member both outwanfy in 
an arcuate pa* away from branching chamber 32 and 
to circularize ■ from its retracted state (as is the condi- 

zo tton of outlet msrrtber 34) to its expanded or fully de- 
ployed state Utae outlet member 38. 

Figure 38 is a radial cross-section as viewed by 
lines 38-38 of Figure 3C through the branching sub 30 
at the level of outlet members 36, 38. Figure 3C slus- 

28 trates conventional casing liners 42, 44 which have 
been installed trough branching chamber 32 and into 
respective outlet members 36. 38. Conventional liner 
hanging packers 46. 48 seal casing liners 42, 44 to outlet 
members 36. 38. As illustrated in Figures 38 and 3C, if 

90 the diameter Ds2 of the branching chamber 32 is the 
same as the dameter Dsl of the conductor pipe of prior 
art Figure 1B, toen the outlet diameter D c of Figure 3C 
is 1 .35 tknes as great as the outer diameter Do d Figure 
1 B. The finer c«x«-«ectional area S* of th* sub of Figure 

55 3C Is 1.82 times a* great as the liner cross-sectional 
area So of Figure 1 * When fully expanded, the effective 
diameter of the expanded outlet members 34. 36, 38 ex- 
ceeds that of the branching chamber 32. 

Exper marts have been conducted to prove the f ea- 

40 ability of manufacturing branching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -oundtng the outlets. 

Experiment Phase 1 

45 

Two casing sizes were selected; a first one. one me- 
ter long was 7 inch dtameter casing with a wall thickness 
of 4.5 mm; the second was one meter long and was 7 
ten diameter casing with a wall thickness of 8 mm. A 

so hydrauBc jack was designed for placement in a casing 
tor expanding it Each cashg was successfully pre- 
formed into an eifejrtrcal shape, e.g.. to simulate the 
shape of outlet member 34 in Figure 3A and reformed 
into circular shape while using a circularizing forming 

«s head with the jade Circularity, like that of outlet member 
38 of Figure 3A was achieved wfth plus or minus differ- 
ence from perfect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter long. 7 Inch diameter. 23 pound 
casings were machined axiaHy at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit inside an 11 inch 
diameter. The welding at the junction of the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 inches; the minimum di- 
ameter was 10.5 inches. 

a) Machinery 

Before milling each casing at an angle of 2.5 de- 
grees, a spacer was temporarily welded at Is end to 



avoid potable deformation during machining. Next 
each casing was machined roughly and then finished to 
assure that each machined surface was coptanar with 
the other. The spacer welded at the end of the casing 
time. 



b) Welding 

The two machined casings were assembled togeth- 
er with a jig. pressed together and carefully positioned 
to maintain afignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds and the jig was removed. In an EB 
welding chamber, the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces . Next about 500 mm were EB weUed on one 
side; the combination was turned over and EB welded 
on the other side. Rnaly the bottom of tie combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory; the weld fillet was 
continuous without any toss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 



c) 



p&ed to the pliers; the outside pg was mcved down In 
steps of 125 mm; at each step a force of 13 metric tons 
(33,000 pounds) was applied. The operation was re- 
peated with a force of 20 metric tons (44.000 pounds). 
5 and the endof the outlets started to flatten cnthe wedge. 
The process was completed at a force of 3D metric tons 
(66.000 pounds). The resulting deformec sroduct was 
satisfactory. 

tt is preferred to modify the shape oi the pliers in 

10 such a way that the peers deform the auttet with a 
smooth angle and to weld the wedge atteT deformation, 
rather than before, and to weld it by using two large 
wedges on each side of it to avoid a •negative" defor- 
mation of this area 

is Expenment Phase 2 was conducted aseoond time, 
but with a steel sheet metal stiflener weted along tie 
EB wolds of both idee c4 the junction of th*t*oceslnga. 
The junction was deformed as in Experinant Phase 2 
to fit within an 11 inch diameter. A jack wth a force of 

20 30 metric tons (66.000 pounds) was used. Piers, as for 
the first junction, were not used. A large wedge was 
used for the first junction with a 5 degree anpje cut in 
two and installed on each side of the welefcd wedge be- 
tween the two outlets to facilitate ftatteningof the outlets 

25 when deforming. The deformation started at the outlets 
and continued toward the junction. This operation was 
repeated with a force of 30 metric tons. Tne end of the 
outlets started to flatten on the wedge. The portion most 
difficult to deform was around the junction the casings 

30 where the outlets are complete inside but welded to- 
gether, where the welded surface is between ine top of 
the inside eQipse and the top of the outscto elapse. As 
a result of this experiment, a higher capacity jack of 50 
metric tons force was provided. 

35 

Experiment Phase 3 

A full length prototype with two 7 increasing* con- 
nected to a 9 S/B inch casing was manJactured and 
40 pressure tested. Testing stopped at 27 bar because de- 
formation was occurring without pressure /anatton. 



Dekxmation was Axw with a special jig of two por- 
tions of hart cylinders pushed against each other by a 
jack with a f orce of 30 metric tons (68. 000 pouno*).The 
half cylinders had an inside diameter which was slightly 
smaller than 11 Inches, /rcofdingty, the final diameter 
of toeceforrr^ assembly was lees thanU inches when 
the junction was deformed. Pliers were placed inside the so 
junction to aid deformation of the outlet where it is criti- 
cal: at the endof the tube where the deformation is max- 
imal. 

A targe wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them ** 
when deforming. The deformation started at the outlets. 
Force was applied on the pliers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



a) Machining 

Machining was performed in the sane way as for 
the two previous junctions except that the lentfhof the 
casings was 1.25 meters instead of 1 mete* and a 
groove was machined around the elliptic* proses to en- 
hance the EB welding process. Additional* abindhole 
was machined on the plane of the cut of each casing to 
install a pin between the two casings to provide better 
positioning. The upper adapter was machined out of a 
soGd bar of steel on a numerically controttad mfling ma- 
chine to provide a contnuous profile between tie 7 inch 
casftgs. with a 2. 5 degree angle, and the f 5/8 inch cas- 
ing. The adapter was machined to accect a plug. The 
inner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs. 



6 



11 



EP0 823 534A1 



12 



b) Welding 

The two machined casings were assembled togeth- 
er with a jig and pressed together. The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an E8 chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible deformation. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
joined satisfactorily. An adapter was then TIG welded 
on the assembled casings as weO as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

Deformation during pressure testing was measured 
using two linear potentiometers placed on the EB weld. 
The pressure was increased by steps of 5 bar. and the 
value of the potentiometer was recorded at atmospheric 
pressure, at the given pressure, and when returned to 
atmospheric pressure. As a result of such pressure test- 
ing, it was determined that the total plastic deformation 
of the casings near their junction was 4.7 mm and out- 
wardly of their junction was 3.7 mm. 

Experiment Phase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing welding act as stiff eners. It was deter- 
mrtod to add a stilener In the plane of welding which 
can be 'anchored' in the area of tow deformation. 

Experiment Phase 4 

A fuB length prototype with two 7 inch casings (9 
mmthfclmess)connectedtoa 95* Inch casing was de- 
formed tofit Inside a 1 0.6 inch cylinder. This deformation 
was performed using the same j g used for Experiment 
Phase 3. but wtth a jack with 50 metric tons capacity 
Instead of 30 metre tons. 

a) Deformation Jig 

The deformation jig was mocSfled to accept a higher 
deforming force and the bar which supports the fixed 
half shell was reinforced The jig was bolted on a frame 
and a crane was inducted in the I rame to lift the junction 
and displace it during the deformation process. 

b) Deforming Process 

The change of dimension of the joined casing dur- 
ing deformation was measured using a sliding gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Deformation started at the middle of the junc- 
tion where it is stillest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The deformation on the bottom of the junc- 
tion was too high on the first run and reached nearly 10 
hches. At the middle of the junction, the deformation 
was about 10.6 inches. Except for the bottom end which 

5 was deformed too much with negative curvature around 
the wedge, the remainder of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
and deforming casings of thicker tubes, the jig must be 

w rebuilt to accept large detormhg forces. 

c) Conclusion 

The deformation of the prototype of Experiment 

is Phase 4 was conducted easfly with the new jig. Thecas- 
rtgs were reopened to the original shape. 

Figure 4 is a perspective view of tho branching sub 
30 of Figures 3A. 3& 3C where the branching sub b 
shown after expansion. Threads 31 are provided at the 

» top end of branching chamber 32. Threads 31 enable 
branching sub 30 to be connected to a parent casing for 
deployment at a subterranean location. Outlet members 
34. 36, 38 are shown expanded as they would took 
downhoie at the end of a parent well. 

25 Figures 5A-5D dtustrate an alternative three outlet 
branching sub 301 according to the invention. Figures 
5A and 5B illustrais in radial and axial cross-section 
views the sub 301 h its retracted position. Outlet mem- 
bers 341 . 361 and 331 are illustrated with outlet member 

so 361 being about equal to the combined radial cross-sec- 
tional area of outlet members 341 and 381 combined. 
Each of the outlet members are deformed Inwardly from 
a round tubular shape to the shapes as illustrated in Fig- 
ure 5A whereby the combined deformed areas of outlet 

95 members 341. 361 and 381 substantially fill the circular 
area of branching charnber 321. Other deformation 
shapes may be advantageous as mentioned above. 
Each deformed shape of outlet members 341, 361 and 
381 of Figure 5A is characterized by (for example, of the 

40 outlet member 341 a circular outer section 342 and one 
or more connect^;, non-circular sections 343. 345. 
Such non-circular sections 343, 345 are cooperatively 
shaped with section 362 of outlet member 361 and 382 
of outlet member 331 so as to maximize the internal ra- 
45 rJal cross-sectional areas of outlet members 341, 361 
and 381. 

Figures 5C and 5D Oustrate the branching sub 301 
of Figures 5A and SB after its outlet members have been 
fully expanded after employment in a parent wea Outlet 

so members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently curving path out- 
wardly from the axis of branching chamber 321 and ex- 
panded radially to torm circular tubular shapes from the 
deformed retracted state of Figures 5A and 58. 

55 Figures 6A-6E show in schematic form the size of 
expanded outlet members as compared to that of the 
branching chamber Figure 6A shows two outlet mem- 
bers 241, 242 when have been expanded from a de- 
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formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are sutoetaritiajy greater* an expand- 
ed state as com pare d to their circular diameters if they 
could not be expanded Figure 68 repeats the case of 
Figure 3a Figure 6C repeats the uneven triple outlet 
configuration as shown in Figures 5A-50. Figure 6D il- 
lustrates four expandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 , 442, 443, 445 are of the same diameter. Figure 6E 
illustrates five outlet members, where outlet member 
545 is smaller than the other four outlet members 541, 
542. 543, 544. Outlet member 545 may or may not be 
deformed in the retracted state of the branching sub. 

Description of Method tor Expanding a Deformed 
Retracted Outlet Member 

Figures 7A-7E Huetrate downhoie footing heads 
122. 124, 126 operating at various depths in outlet mem- 
bers 38, 34, 36. As shown on the right hand side of Fig- 
ure 7 A, a generated forming head 122 is shown as it 
enters a deformed retracted outlet member, for example 
outlet member 38, at location a Each of the forming 
heads 122. 124, 126 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wan of branching chamber 32 outwardly as illus- 
trated in Figure 7B. The forming heads 122. 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forrningheads 
122. 124, l26expar)d^meomi«tmerT*Gnic<JtwarxJly 
while simultaneously circularizing them. Forming pads 
123. 125. 127 are forced outward* by a piston in each 
of the forming heads 1 a 1 24, 1 26. The forming heads 
simultaneously bear against central waO region 150 
which acts as a reaction body so as to simuttaneousJy 
expand and form the outlet members 36, 34. 36 whfte 
balancing reactive forces whBe expanding. Figures 70 
and 7E illustrate the forming step at locations D and E 
of Figure 7K 

Figures 8A and 68 illustrate an axialy extending 
slot 160 in the branching chamber 32 of branching sub 
30. Such slot 163 cooperates with an orienting and 
tatchtog sub of a oowntxxs forming fool for radial poei- 
tionfcg of such orienting and latching sub for forming and 



notch 162 in brarctmg chamber 32 le used to latch the 
ctovmhotelomwgtod^ 

An extension teg 170 projects dcwiiwardfytrcmthe 
central wall region 1 50 of branching sub 30. A foot 1 72 
is carried at the end of extension leg 170. In operation, 
foot 172 is towered to the bottom of the borehole at the 
deployment location. It provides support to branching 
sub 30 during forming tool expanding and other opera- 
tions. 



Description of Forming Tool 

a) Description of Embodiment of Figures 9. 10 

s Figures 9 and 10 illustrate the forming foot used to 
expand multiple outlet members, for example cadet 
member* 34, 36, 38 of Figures 3A. 38, and 3C and -jg- 
urn 7BL 7C, 7D and 7E. The forming tool includes up- 
hot apparatus 100 and downhoie apparatus 200. The 
io uptato apparatus 1 00 induotos a c^ 

1 02 programmed to control telemetry and power supply 
unt 104 and to receive corrtmands from and deplaj in- 
formation to a human operator. An uphole winch unit 06 
has an etectrtcaJ wfreOne 110 soootod thereon for tow- 
i5 ering downhoie apparatus 200 through a parent wel 
casng and tnto the branching chamber 32ofabranch- 
ing sub 30 which Is connected to and earned at me end 
of Cms parent casing. 

The downhoie apparatus 200 includes a corverv 
20 tional cable head 202 which provides a strer>oSVetorv 
cal connection to wireSne 110. A telemetry, power sup- 
pfaes and controls module 204 includes conventione te- 
lemetiy. power supply and control circuits which function 
to ccmrnunicate with uphole computer 102 via wireline 
2S 11C and to provide power and control signals to otwn- 
hofe modules. Hydraulic power unit 208 Includes a con- 
ventional electrically powered hydraulic pump for 3n> 
dicing downhoie pressurized hydraulic fluid. An orent- 
ng and fetching sub 206 includes a latching device 210 
so (sdnernaticalfy illustrated) for fitting wfthin notch 1£2 of 
branctwig chamber 32 of Figure B A and an or wntmc do- 
ves 212 (sct>«matJca«y iiustratsd) for cooperating with 
sk* 160 of branching chamber 32. When the otowrttole 
apparatus 200 Is towered Into branching sub 30. orant 
35 i^dev»212er*3T*th*sM160andto 

pssatue 200 is further towered urrti the latching oerice 
210 enters and latches within notch 162. 

Fbted traveling head 213 provides hydraulic fluid 
communication between hydraulic power unit 206 and 
40 the traveling forming heads 1 22. 1 24. 1 26. for exanote 
Teescooic links 180 provide pressurized hydraulic 1uid 
to Taveeng forming heads 122. 124, 126 as the heads 
122. 124. 126rrovedownwardywith^ 
lei members, for example outlet members 34. 36. 36 of 
45 Flares 7B-7E. Monftonng heads 1 82, 1 84, 1 86 an) pro- 
vided to determine the racfiat distance nrwved whte ra- 
defry forming an outlet member. 

Figssre 10 illustrates traveling forming heads 126, 
124, 122 in different stages of forming an outlet mentoer 
so olJirancfungsub X. Fc^minghead l26is6hown mout- 
Jecrrwnber 36, which to ilustratod by a heavy tine brfom 
ratial torrning in the retracted outlet member 36. The 
oudet member is shown ti light Ines 36\ 36", where the 
oudet member is depicted as 36* in an intermediate 
55 stage of tormirtg and as 36" in Is firial formed stags. 
The forming head 124 is shown as ft is radtally tann- 
ine retract od outlet member 34 (h light Bne) to an mar- 
rrediaie stage 34*. A final stage is illustrated as circular* 
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Ized outlet member 34*. The forming head 124. like the 
other two forming heads 126. 122. Includes a piston 151 
on which forming pad 125 is mounted Piston 151 is 
forced outwardly by hydraulic Arid appSed to opening 
hydraulic line 152 and m forced inwardly by hydraulic 
fluid applied to dosing hydraulic 8ns 154. A caliper sen- 
sor 1B4 is provided to determine the amount of radial 
travel of piston 151 and forming pad 125, for example. 
Suitable seals are p rovided between the piston 151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are B- 
tustrated in Figure 10 to indicate that under certain cir- 
cumstances the shape of the outlet member 38 may be 
•over expanded* to create a slightly oblong shaped out- 
let. such thai wrienradtftormtog force from forming pad 
123 and forming head 122 Is removed, the outlet wil 
spring back into a caortar shape duo to reaktoal ebstic- 
*ty of the steel outlet member. 

At the level of fie blanching chamber 32. forming 
heads 122, 124, 126. balance each other against the 
reaction forces what forcing the walls of the chamber 
outwardy. Accordingly the forming heads 122. 124. 126 
are operated sirmjtaneousJy, for example at level B of 
Figure 7 A, while forcing me tower end of the wall of ihe 
branching chamber 32 outwardly. When a formhg head 
122 enters an outlet member 36 for example, the pad 
reaction forces are evenly supported by the central wall 
region 1 50 of the branching chamber 32. The telescopic 
links 160 may be rotated a small amount so that the 
forming pads 127. 125, 123 can apply pressure to the 
right or left from the normal axis and thereby improve 
the roundness or cscuterity of the outlet members. After 
a f orming sequence is pe*tormeo\ tor exampto at loca- 
Hon 0 to Figure 7A. tie pressure is released from piston 
151. and the telescopic links 180 tower the forming 
heads 122. for example, down by one step. Then the 
pressure is raised again for forming the outlet members 
and so forth. 

The cornpositon of the materials of which the 
branching sub 30 is constructed is preferably of an aHoy 
steel with austentc structure, such as manganese 
steel, or nickel alleys such as 'MoneT and "Inconel" se- 
ries. Such n^ertaJs provide substantial plastic deforma- 
tion with cold forming thereby providing strengthening, 

b) Description of Alernative Ernbocfiment of Figures 
15A-15D, 16andl7A-l70 

An attemative post-torming tool b illustrated in Fig- 
ures ISA, 15B. 15*. 15C. 15D. 16, and 17A-17D. The 
post-forming tool 1500 is supported by common down- 
rwte ccrrvonerto of Firjuro 9 i 
telemetry, power supplies and controls module 204. hy- 
drauiic power unft 206 and an orienting end latching sub 
206. Figure 16 iUustratee that post-forming tool 1500 in- 
cludes a travel actuator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7A to a lower extended position as 



shown h Figures 17C and 17D. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positions depending on the de- 
sired travel positions of forming heads in the outlet mem- 
5 bars. 

Figures 16 and 17D Dustrate a two forming head 
embodiment of the post-torming tool 1500 where two 
outlet members (e.g., see outlet members 1560 and 
1 562 of Figures 1 5A-1 50) are illustrated. Three or more 

io outlet members may be provided with a corresponding 
number of forming heads and actuators provided. Links 
1514 conned the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly into outlet members 1560. 1562 as piston 

is 1512 moves downwardly. 

Actuator cylinders 1516 each include a hydraubcaJ- 
ty driven piston 151B which receives pressurized hy- 
draulic fluid from hydraufc power unit 206 (Figure 9) via 
travel actuator 1510 and inks 1514. The piston 1516 is 

so in an upper position as austral ed In Figures 17A and 
1 7C and in a tower position as illustrated in Figures 17B 
and 17D. 

The actuator cylinders 151 6 are pivotaOy linked via 
links 1524 to forming pads 1520. The pistons 1518 are 
25 finked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17A and 15B\ the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 1 5B The expanding rollers 1522 and 
tormtng pads 1520 are in a retracted position within re- 
ft? traded outlet members 1 560. 1 562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylinders 1516 downwardly a 
small amount Next pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move along 
as the inclined interior lace of forming pads 1520 causing 
the pads to push outwardy against the Interior wals of 
retracted outlet members 1560, 1562 until the outlet 
members achieve a circular shape at that level. Simul- 
taneously, the outlet members are forced outwardy 
40 from the axis of the multiple outlet sub 1 550. Next, the 
pistons 1518 are stroked upwardly, thereby reluming 
the expanding rollers 1522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another small 
distance downwardly thereby moving the forming pads 
45 1520 further down into the outlet members 1560. 1562. 
Again, the pistons 151 Bare stroked downwardly to fur- 
ther expand the outlet members 1560. 1562 outwardly 
and to circularize the outlets. The process is continued 
until the positions of Figures 15D and 17D are reached 
50 which illustrate the position of the forming pads 1520 
and actuator cylinders 1 516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Descnptton of Method for Providing Branch Wells 

55 

Figures 11A-11H and Figure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 in a well. The branching sub 30 is Illustrated as having 
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three out to! members 34, 36. 38 (per tie example of Fig- 
ures 3A. 38, 3Cand Figures 7A-7E) but any number of 
outlets may also be used as ilustrated in Figures 6A- 
6E. Only the outlets 38, 36 are iustrated from the axial 
cross-sectional views presented, but of course a third 
outlet 34 exists for a three outlet example, but it is not 
visible in the view of Figures HA-11H or Figure 12. 

Figure 11 A shows that the branching sub 30 is first 
connected to the lower end of a parent casing 604 which 
is conveyed through nterrmctele casing 602 (if 
present). Intermediate casing 602 lines the weBbcre and 
is typically run through surface casing 600. Surface cas- 
ing 600 and intermediate casing 602 are typically pro- 
vided to ine the weltoore. The parent casing 604 may 
be hung from intermediate casing 602 or from the well- 
head at the surface of the ear* or on a production plat- 
form 

The outlet members 36, 38 (34 not shown) are in 
the retracted postal. Slot 160 and notch 162 are pro- 
vided h branching charnber 32 of blanching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latching device 210 of orienting and latching sub 208 of 
downhcfe apparatus 200 (See Figure 9). When the par- 
ent casing 604 is set downhote, the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub X where a swivel Joint 
is installed (not illustrated) at the connection of the 
branching sub 30 with the parent well casing 604. The 
orienting process may be monsored and controlled by 
gyroscopic or inclinometer survey methods. 

Description of Alternative Embodiment of Figures ISA- 
IS? and 19A-19C 

Figures 1BA-18F illustrate concave defamation of 
outlet members in a retracted state of a branching sub 
according to an alternative embodiment of the Invention. 
The outlets are shaped similar to that of a ruled surface 
shell Concave deformation of retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arrangements, especially for 
three or more outlet nodal junctions. 

Figure 18A illustrates, in a radial cross section 
through lines 18Aof the branching chamber 1821. of the 
branching sub 1 850 of Figure IBB. that the outlets have 
a concave shape. Stiffening structure 1 800 Is provided 
at the Juncture of each outlet member 1881 . 1842. 1861 
with its neighbor. As a result, the area that is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures iBAand 188, allows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the principle of deformation of a ruled surface 
shell that alows expansion by post-forming with a min- 
imum of energy required. Figure ISA illustrates an en- 
velope 1 81 0 of the overall diameter of the branching sub 
1850 when the outlet member 1881. 1842, 1861 are 
retracted. The arrow 1806 ponts to a circled area of 



structural replacement Arrow 1804 points to an area 
of concave deformation of the outlets in branching 
chamber 1821. 

Figure 18C illustrates the branching sub 1850 at a 
5 longttuolnal position at the Junction of the outlet mem- 
bers with a radial cross section through DneslBCof Fig- 
ure 188 Arrow 1 810 points to the outer envelope of the 
branching sub in its retracted state. Figure 18D illus- 
trates the branching sub 1 850 near the end of the outlets 
to while in a retracted state. Arrow 1810 points to the outer 
envelope of branching sub 1 850 in the retracted state, 
while arrows 188V. 1842* and 1861' point to dashed line 
outlines of the outlet members 1881, 1842 and 1861, 
respectively, after expansion. 
15 Figures 18E and 18F Wustrate the branching sub 
1850 h an expanded state where RgurslSE is a radial 
cross section of through the outlet members at ths end 
of the outlet Arrow 1 810 points to the outer envelope of 
the branching sub 1850 when in a retracted state; arrow 
20 181 or points to the outer envelope when the outlet mem- 
bers 188V. 184? and 186V have been expanded. 

A preferred way of placing the outlet members 
1881 , 1842, 1861 into the retracted state of Figures 1 8A- 
18D is to construct the sub with the geometry of Figure 
ss 18E and appry concave pliers along the vertical pten of 
axis symmetry of the Junction. The deformation is pro- 
gressively greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire Junction of outlet members 
30 1881. 1842. 1861 to branching chamber 1821 prefera- 
bly includes welding of super plastic materials such as 
nickel-based alloys (Mono! or Inconel. tor example) in 
the deformed areas and materials of higher yield 
strength In the nc*>dsforrnod part of the branching sub. 
35 Electron beamweldhg is a preferred method of wekfing 
the composite she! of the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows Joining of sections of different compositions 
and thick walls with minimum toss of strength. 
40 Figures 19 A, 1 SB and 1 9C frustrate a post-forming 
tool 1926simiterto the post-tormingtool of Figures ISB*- 
15D and 16 described above. An actuator sonde (not 
shown) supports the post-forming tool 1926 including 
actuator 1910, push rod 1927. and forming roDers 1929. 
45 Figure 19A shows an axial section schematic of the 
poet-forming tool 1926 operating in one outlet member 
1881 of branching sub 1850 when It begins to expand 
such outlet member. Figure 1 9B Blustrales a similar axial 
section where actuator 1 91 0 has been stroked outward- 
50 |y to force push rod 1927 and traveling forming head 
1928 downward, with forming rollers 1929 expanding 
outlet member 1881 outward* while simultaneously 
rounding it Figure 19C shows a vertical cross section 
through the branching sub 1 850 with a traveling forming 
65 head 1928 reach of the three outlet members 1881, 
1842. 1 861 . Forming roflers 1 929 force the concave por- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stlflen- 
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ng structure 1800. Push beams 1933 provide a frame 
for rotational* supporting forming rollers 1 929 and sup- 
port roners 1931. Springs and fchkages (not illustrated) 
are provided among push beams 1933, formin g rosars 
1929. and support rollers 1931 to insure that all mowig 
parts retract to a top position so that the overall tod di- 
ameter collapses to the diameter of the branching cham- 
ber 1621 (Figure 188) of the branching sub 1850. 

In operation, the traveling forming head 1 928 of Fig- 
ures 1 9A-19C follows a sequence of steps similar tofat 
described above with respect to Figures 17A-17D. The 
poet-IOrming tooi 1926 te conveyed by rneans d a w^ 
fee and Its associated sonde wth cable head, telemetry 
power supplies and controls sub, hydraulic power unit, 
end orienting and latching sub, and is set so that tie 
actuator 1 910 seats above the top of the junction of 
antog structure 1800. The travelng forming head 19BB. 
comprising push beams 1933 carrying forming rotors 
1929 and support roSers 1931. is pushed ctownwa*fy 
bypoweringectuator1910somattte 
outlet member (e.g.. 1881. 1842. 1861) begins at its top 
end where I exits from the branching chamber 1821 and 
continues to the lower end of each outlet member. This 
sequence is repealed until the proper circular shape is 



Figure 11 B illustrates the forming step deserted 
above with forming heads 122. 126 shown forming out- 
let members 38. 36 with hydraulic fluid being provided 
by telescopic links 180 from hydraulic power unit 206 
and fixed traveling head 21a The outlet members 36. 
38 are rounded to maximize the diameter of the branch 
weis and to cooperate by fitting with liner hangers or 
packers in the steps described below. The forming step 
of Figure 11 B also strengthens the outlet members 36. 
36bytr»wbetigcc«forrned^ 
prelefred material of the outlet members 36. 38 of the 
branching sub Is alloyed steel wfth an austenrUc struc- 
ture, such as manganese steel, which provides substan- 
tial plastic deformation combined with high strengthen- 
ing. Cold formsig (plastic deformation) of a nickel afloy 
steel, such as Inconer. thus increases the veto 
strength of the base material at the bottom end oi me 
branching chamber 32 and In the outlet members 36. 
38. The outlet members are formed into a final subaan- 
tJafly ckcutar radial cross-section by plastic def crmafan. 

As described above. I Is pref erred under rrwetcon- 
cttons to convey and control the downhote forming ap- 
paratus 200 by means of wireline 1 1 0. but under certain 
conditions, e.g.. under-balanced weltoore condttra. 
(or in a nighty deviated or horizontal we H) a coiled tubing 
equipped with a wireline may replace the wireline atone. 
As illustrated r Figure 11B and described above, the 
downhoie forming apparatus 200 is oriented, set and 
locked into the branching sub 30. Latching device 210 
snaps Mo notch 1 62 as shown in Figure 11 B (see aiso 
Figure 12). Hydraulic pressure generated by hydraulic 
power unit 206 is applied to pistons in forming heads 
122. 126 that are supported by telescopic links 180 Af- 



ter a forming sequence has been pertained the pres- 
sure is released from the pistons, and the telescopic 
links 180 tower the forming pads dow* by one step. 
Then the pressure is raised again and so on unti the 
5 forming step is completed with the outtec members cir- 
cularized. After the outlet members are expanded, the 
downhote forming apparatus 200 is removed from the 
parent casing 604. 

Figures 11 C and 1 1D illustrate the cementing steps 
to tor connecting the parent casing 604 arot the branching 
sub 30 Wo the welL Plugs or packers BOO are installed 
Into the outlet members 36, 38. The preferred way to set 
the packers BOO is with a multiple head singer 802 con- 
veyed either by cementing string 804 era ceded tubing 
is (not illustrated). A mutfcto head stinger ncftxftes multi- 
ple heads each equipped with a cernerting tow shoe. 
The sthger 802 Is latched and crientsdsatolwanchtig 
chamber 32 of branching sub 30 in a rranner similar to 
that described above with respect to Fgir* tIB. As I- 
20 tustrated in Figure 11D. cement 900 is ireecied via the 
cementing string 804 into the packers 800. and after in- 
flating the packers 800 flows througs ccrwenttonal 
check varvea (not shown) into the armuua ouSside par- 
ent casing 604. incluoInQ the bottom branching section 
ss 1000. Next. thecementingstiing604» 

hole after disconnecting and leaving jaefcars 800 In 
place as shown in Figure 11 E. 

As shown in Figure 1 1F. individual trandh wells (e. 
g. 801) are selectively drilled using any suitable drilling 
X technique. After a branch well has been drflod, a Iher 
805 is installed, connected, and sealed in the outlet 
member. 36 for example, with a comsntionaJ casing 
hanger 806 at the outlet of the branching sdb 30 (See 
Figures 11Q and 11 H). The liner may bt consented (as 
35 fltustraled in Figure 11Q) or it may beretnswable de- 
pending on the production or Injection pvanseters, and 
a second branch well 808 may be driBsd as Hustrated 
in Figure 11H. 

Figure 12 illustrates completion cf branch wells 
40 from a branching sub at a node d a pa-ant weB having 
parent casing 604 run through intermedate casing 602 
and surface casing 600 from weliheac 510- As men- 
tioned above, parent casing 604 may be hung from in- 
termediate castig 602 rather than from wettwad 61 0 as 
45 illustrated. The preferred method of completing the well 
is to connect the branch weds 801, 80S to a downhote 
manifold 61 2 set in the branching charnter 32abovothe 
junction of the branch wells 801. 608. The downhoie 
mantfoM612i8 oriented and latched in brancisngcham- 
50 ber 32 in a manner similar to that of the downhote form- 
iig tool as IBustrated in Figures 8A. 8B and 11 B. The 
downhoie manif old 61 2 allows for contrttftw produc- 
tion of each respective branch wel and provides for se- 
lective re-erruyc* me brarichwe»8 801, 3)8 w*h testing 
ss or maintenance equipment which ma/ be conveyed 
through production tubing 820 from the surface. 

In case of remedial work in the pan** casing 604, 
the downhoie manifold 612 can isolate the parent well 
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from the branch wells 801 , 808 by plugging the outlet of 
the downhola manifold 612. This is done by conveying 
a packer through production tubhg 820. and setting it 
In the outlet of downhole manifold 612 before discon- 
necting and removing the production tubing 820. varves 
controllable from the surface and testing equipment can 
also be placed in the downhole equipment. The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such that each branch well 801 . 808 
can be independently connected to the surface well- 
head. 

The use of a branching sub for branch wefl forma- 
tion, as described above, for a triple branch weil config- 
uration, allows me use of dramaticaiy smaller parent 
casing as compared to that required in the prior art ar- 
rangement of Figures 1 A end 18. The relationships be- 
tween the branching tub diameter Os, the maximum ex- 
panded outlet dtometer Do, and the maximum oTameter 
of a conventional axial branch O c for a two outlet case 
is shown fci Figure 13A. and for a three outlet case in 
Figure 1 38. The same kind of analysis applies tor other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of liners 
packed at the end of the parent casing, the branching 
well methods and apparatus of the present Invention al- 
low a gain in branch cress-sectional area ranging from 
20 to 80 percent 

Figures 1 4A-1 4D illustrate various uses of two node 
branch well configurations according to the invention. 
Figures 14A and 1 4B illustrate a branching sub at a node 
according to the invention. Figure 14C illustrates how 
branch weBs may be used to drain a single strata or res- 
ervoir 1 1 00, while Figure 1 40 illustratee the use of a sin- 
gle node by which multiple branch wefts are directed to 
different target rones 1 1 20. 1 1 40. 1 1 60. Any branch well 
may be treated as a single wel tor any Intervention, 
plugging, or abandonment, separate from the other 



Description of Alternative Embodiment of a Branching 
Sub According to the Invention 

a) Description of Alternative Branching Sub 

Figures 20 A and 208 show an eJternetrve embodi- 
ment 3000 of the Invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
including a housing 3002 having threaded ends 3004. 
3006. The branching sub 3000 of Figures 20A. 208 is 
illustrated in an expanded or post-formed state. The 
branching sub 3000 includes a main pipe 3010 which 
defines a feed through channel 3011 (see Figure 20B) 
and at least one lateral branching outlet 3012 which de- 
fines a lateral channel 301 3 (see Figure 208). A branch- 
ing chamber 3006 Is defined between the top channel 
3007 and the feed through channel 3011 and lateral 
channel 301 3. A bottom hole assembly (BH A) deflecting 
area 3015 separates main pipe 3010 from lateral 



branching outlet 3012 

In a retracted state, the branching sub 3000 may be 
placed in series with sections of well casing and posi- 
tioned in a borehole wifi the running of the casing string 
s htothe borehole. After placement in the borehole, the 
housing of the branching sub 3000 is post-formed so 
that both the teed through channel 301 1 and the lateral 
channel 301 3 (or multiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 
to sure and which maximizes the drift diameter of the lat- 
eral channel 301 3 and the feed through channel 301 1 . 
Longitudinal ribs 3018 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rb 3018 
extends the entire axial tenpjh of the branching sub 3000 
<5 and Is Integral with the BHA deflecting area 3015 for a 
distance from the bottom threaded end 3006 of the 
branchhg sub 3000 to the branching chamber 3006. 
Figures 21A-210 schematically ilustrata the 
. branchtog sub 3000 in its retracted state (see Figures 
*o 21A.21B) and in its expanded state (see Figures 21C, 
21 D). In the retracted state shown in Figures 21 A, 21 B. 
the mam pipe 3010 and the branching outlet 3012 have 
been prefabricated so chat the maximum outer diameter 
D of the branching sub 3000 is not greater than the top 
2S threaded end 3004 or bottom threaded eod 3006. Figure 
218. taken along section ine 21 B of Figure 21 A. illus- 
trates the oblong shape of the feed through channel 
3011 of main pipe 3010 and of the lateral channel 301 3 
of lateral branching outlet 3012. In the retracted state. 
30 branching sub 3000 can be placed between sections of 
borehole casing and run into an open borehole to a se- 
lected depth. 

Figures 21C and 210 schematically illustrate the 
branching sub 3000 after I has had Its feed through 
35 channel 301 1 expanded and its lateral channel 301 3 ex- 
pandedL The maximum dtometer In the expended state, 
performed downhole, at section fine 21D is D* as com- 
pared to the diameter 0 of the top and bottom threaded 
ends 3004, 3006 of the branching sub 3000. Figure 21 D 
40 illustrates that the main pipe 3010 and the lateral 
branching outlet 301 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A, 21 B. 
but that they have been substantially circularized. Thus, 
h Figure 2iD, feed through channel 3011 and lateral 
45 channel 301 3 are characterized by substantially circular 
internal diameters. 

The downhole post-forming method and apparatus 
illustrated and described above by reference to Figures 
7A-7E. 8A. 88, 9 and 10 are used to expand the feed 
so through channel 3011 and the lateral channel 3013. 

The construction of branching sub 3000 is based on 
the combination of material and geometrical properties 
of the BHA deflecting area 301 5. The material is specif- 
ically selected and treated to allow a targe rate of defor- 
ss frationwittxxjt cracks. Theg^ometry of the wal is such 
that both Its combined thickness and shape ensure a 
continuous and progressive rate of deformation during 
the expansion. The plastic deformation increases the 
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yield strength by cold work effect and hence gives the 
Joint an acceptable strength that is required to support 
the pressure and liner hanging forces. Figure 22 shorn 
that the yield strength after expansion increases with the 
rate of deformation of the outlets. A preferred material 
for use in the post-forming areas Is a fine grain normal- 
ized carbon steel or an austenitic manganese alloyed 
steel that reacts favorably to cold working. A preferred 
construction method is to manufacture different specific 
components in order to optimize the material and form- 
ing process of each particular part In a final stage, the 
components are welded together so that the housing 
3002 becomes one single continuous structural shell 

b) Description of Use of Alternative Branching Sub 

Figure 23 achstrwtically KustratssthsuseoftheaV 
temative branching sub 3000 as described abo ve. A 
preferred use of the branching sub 3000 is tor prcviolng 
multiple branches In a parent well. Such multiple 
branches may improve the drainage of a subterranean 



Before the invention of the branching sub 3000 of 
Figures 20A, 208 and 21 A-21 D. connection of a lateral 
branch to a parent weB has generairy made use of an 
arrangement of several parts with sealing of the branch 
wet) to the parent well with rubber, resin or cement. Such 
Joints require a complex method of installation and 
present a risk of hydraulic isolation failure after several 
pressure cycles in the well. 

The branchsig sub 3000 according to the invention 
allows for providing multiple branches from a parent 
cas^wimr»8eatirtg)oim,butwto 
hanghg packers and casing Joints. The geometry of the 

sure ratiig of the sub and the size of the branch to be 
maxknized with regard to the parent casing size. Figure 
23 shows an example of the use of a branching sub 3000 
where, after expansion downhole. branch wells 3014 
are provided to separate parts of the earth's crust by 
means ol lateral channels X1 3. The branch wells X - 4 
can be used for extraction, storage or injection of various 
fluids such as mono or pory^jhasic fluids of hytfocarbon 
products, steam or water. 

c) Description of Deflection Apparatus and Procedures 

Figure 24 illustrates how a drilling tool 3030 can be 
guided or deflected from main pipe 3010 into lateral 
branching outlet 301 2 after the branching sub 3000 has 
been expanded downhole. A deflecting toot 3036 is set 
in mail pf» 3010 by means of elements which cooper- 
ate win the positioning groove 3040 and orienting cam 
and slot 3042 illustrated schematically. 

Several lateral branching subs can be stacked in 
tandem at a location in the wen or at several places 
along the casing string in order to provide optimal com- 
munication with various formations from the parent well. 



Figure 25 illustrates two branching subs 3000 according 
to the alternative embodiment of the invention which are 
connected in tandem in a casing string 3300 Where two 
or more branch rig subs 3000 are connected in a casing 

5 string 3300, each sub can be oriented with r» same or 
a different face angle for the lateral branches. As a con- 
sequence, different angular orientations from the parent 
well may be provided to reach a large volume of subter- 
ranean formations with different lateral branches. The 

to casitg string 3300 may be oriented vertk^or horizon- 
tally, or It may be tilted; but the lateral branches may in 
any case extend laterally from the parent casing. Al- 
though departing at a narrow angle from the casing 
string 3300. lateral boreholes from the lateral ouaets of 

is braKJihgsubsSOOOeanbsclrsct^^ 
Ucal. deviated or horizontal orientation. 

Figures 28A and 26B Vustrate a drilat* cap 3400 
welded about the opening of lateral branching outlet 
3012 in its retracted and expanded ccrxxtjone, eespec- 

2D tlvely. When conveying (he casing string Me the bore- 
hoio, the cap 3400 l«otate« the lateral channel 3013 from 
the borehole and maintains a dffi areata pressure 
across the casing wall which may be required to control 
the borehole pressure when casing Is convoyed down- 

25 hole. When the lateral branch is to be drffled, a drilling 
tool bores through cap 3400 and Into a forrrsiiootoform 
a lateral branch. 

d) Description of Advantages and Features of 
30 Alternative Branching Sub 

As mentioned above, a single branching sub 3000 
can be provided with more than one teteralouoat Such 
multiple outlets can be coplanar wihesjchc*wi»non- 
36 coplanar. A single branching sub 3000 can be connect- 
ed In tandem with one or more other branching subs 
3000 either at its top end or Its bottom end A branching 
sub 3000 can be provided with a foot at its tower end in 
a similar manner to foot 1 72 of Figure 8A 
40 A lateral branching outlet 301 2 of Figire 20B may 
support a liner hanging packer which holds a liner con- 
nected to the housing 3002 in order tc isolate the 
branchsig chamber 3006 from the borehoe. Appropri- 
ate grooves at the top of the lateral branching outlet 
4S aoi 2 may be provided to secure the liner hanger and 
prevent the liner f rem accidentally moving out of tie out- 
let during the finer setting operation or later Axemative- 
ly, the Interior wall of UV lateral biarKhingouoet 3012 
can be provided without grooves. 
so The lateral branching outlet 301 2 can be terminated 
with a ramp that guides the drilling bit when starting the 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accidentally drilling back toward the 
main pipe 3010. 
ss other structures may be provided inside the 
branchhg chamber 3008 such as a guidance ramp, sec- 
ondary positioning groove, or the like to validate con- 
veytog equipment through the feed throjgh channel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3008, or the lateral branching outlet 
3012. or the main pipe 3010. can be provided with tem- 
porary or permanent flow control devices such as 
valves, chokes, a temporary or permanent recording 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interface with a 
flow connector, or a flow olve rter. or an isolating packer. 
A lateral branching outlet 301 2 can also be provided with 
an artificial lifting device such as a pump, gas influx in- 
jectors, and the Oka. 

As an alternative to the apparatus and techniques 
of Figures 7-10 tor expanding the main ppe 3010 and 
the lateral branching outlet 3012. an inflatable packer 
may be placed on the Inside waB of the main pipe 3010 
or the lateral branching outlet 3012 whereby the expan- 
sion force of the packer is used to expand the pipes by 

. ■! . ,| . I n . .linn 

piasuc oeformaoon. 

various rrwdifteations and alterations in the de- 
scribed methods and apparatus win be apparent to 
those skilled in the art of the foregoing description which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of the appended claims which inckjde the only 
limitations to the present invention. The descriptive 
manner which is employed for setting forth the embod- 
iments should be Interpreted as illustrative but not limi- 
tative. 



Claims 

1. A multiple branching sub designed and arranged for 
deployment in a borehole comprising: 

a branching chamber having an open first end 
of cylindrical shape and a second end, said 
branching chamber designed and arranged for 
sealed connection at said first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
which is integrally connected to said second 
end of said branching chamber, each of said 
multiple branching outlet members being in flu- 
id coiTvnunication with said branching cham- 
ber, said sub characterized by: 
a retracted position for insertion into a borehole 
in which each of said multiple outlet members 
is substantially totally within an imaginary cyl- 
inder which is coaxial with and of substantially 
the same radius as said first end of said branch- 
ing chamber, and 

an expanded position in which at least one of 
said multiple outlet members extends from said 
branching chamber in a path outwardly of said 
imaginary cylinder; and 
wherein said branching outlet members, when 



in said retracted position, are characterized by 
an outer curved shape when a radial cross-sec- 
tion of said branching outlet members b viewed 
from outside said imaginary cylinder. 

5 

2. The sub of daim 1 wherein said branching outlet 
members, when in said retracted position, are char- 
acterized by an outer convex or concave shape 
when a radial cross-section of said branching outlet 

io members b viewed from outside said imaginary cyl- 
inder. 

3. The sub of claim 1 wherein said outlet members are 
designed and arranged such that in sad expanded 

is position, each of said multiple outlet members ex- 
tends in an arcuato path from said branching cham- 
ber outwardry c* saW imaginary cyinder. 

4. The sub of claim 1 wherein said multiple outlet 
so members in said expanded postal are character- 
ized by a substantially circular racial cross-section- 
al shape. 

5. The sub of claim 1 wherein said multiple branching 
25 outlet members are formed of a material which may 

be plastically deformed by cold forming. 

& The sub of claim 5 wherein said material is an al- 
loyed steel with austeniuc structure. 

30 

7. The sub of claim 6 wherein said material is a nickel 
alloy. 

8. The sub of claim 1 wherein each of said muHipte 
*5 branching outlet members is of substantially the 

same radial croes-eoctlonal area. 

0. The sub of claim 1 wherein at least one of said mul- 
tiple branching outlet members is characterized by 
40 a radial cross-sectional area which is greater than 
at least one other of said multole branching outlet 
members. 

10. The sub of claim 1 further cornprising a leg member 
43 carried substantially axtalry downwardly from said 

second end of said branching chamber, and a foot 
disposed at a distal end of said leg. 

11. The sub of daim 1 wherein a central support region 
so is defined at said second end of said branching 

chamber between integral ccmections of said mul- 
tiple branching outlet members to said second end. 
and further comprising: 

ss an extension leg carried from said central sup- 

port region which extends anally beyond said 
multiple branching outlet members; and 
a foot disposed at a distal end of said leg. 
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12. A branching sub designed and arranged for deploy- 
ment in a borehole comprising: 

an integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being longitudinally below said branching 
chamber and each being In fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
top end is characterized by a connection diam- 
eter. 

said branching sub characterized by a retracted 
state for Insertion Into a borehole h which the 
largest diameter of said housing at any position 
along *a longftudlnaJ length to no greater than 
said connection diameter and 
an expanded state in which said branching out- 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter 

13. The branching sub of claim 12 wherein said main 
aipe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14. The branch ng sub of claim 12 wherein said main 
ppe has threads provided at said bottom end for 
connection to borehole casing below. 

1 5. The branching sub of claim 1 4 where in the retract- 
ed sttle said main pipe Is characterized by a circular 
nside radial section shape at said bottom end and 
ay a rxxvarcubr inside radial section shape at a 
ongtfudtna) position below said branching chamber 
and above said bottom end. and said branching out- 
et is characterized by a non-circular inside radial 
section shape at a longitudinal position below said 
3 ranching chamber. 

16. The branching sub of cteiml 5 where in the expand- 
ed stete said branching chamber and said main 
pipe are characterized by a substantially constant 
first dfemeter of a circular inside radial shape from 
said top end to said bottom end, and said branching 
outlet is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branchhg sub of claim 1 3 further comprising a 
first longitudinal rib which is integral with said hous- 
ng and which extends from said bottom end to said 



top end in a path along the exterior of said housing, 

18. The branching sub of claim 17 further comprising a 
second longituolnal rib, spaced peripherally from 

5 said first longitudinal no which extends from said 
bottom end to said top end in a path along the ex- 
terior of said housing. 

1 9. The branching sub of claim 18 further comprising a 
10 deflecting structure which separates said main pipe 

from said branching outlet from said branching 
chamber lonc#udinalry downward to said end of 
said branching outlet 

ts 20. The brarx*ing sub oldaim 13 turn 

driilaJbla cap secured to said end of said branching 
outlet 
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